Abstract: Evidence suggests that community dwelling older adults (CDOA) are at risk for dysphagia (swallowing difficulties). Dysphagia is often unidentified until related morbidities like under nutrition or pneumonia occur. These cases of unidentified dysphagia, prior to any clinical intervention, may be termed 'pre-clinical dysphagia'. Identifying pre-clinical dysphagia is challenged by the lack of validated tools appropriate for CDOA. This study addresses preliminary development of a novel patient reported outcome (PRO) screening tool for pre-clinical dysphagia. Initially, 34 questions were developed from literature review and expert opinion. Following pilot testing (n = 53), the questionnaire was revised and tested on 335 additional CDOA. Face validity, content validity, item analysis, reliability (internal consistency), and construct validity (exploratory factor analysis) measures were completed. Psychometric validation resulted in a 17-question PRO tool. Construct analysis identified a three-factor model that explained 67.345% of the variance. Emergent factors represented swallowing effort, physical function, and cognitive function. The results revealed strong construct validity and internal consistency (Cronbach's α = 0.90). A novel, simple PRO incorporating multiple function domains associated with aging demonstrated strong preliminary psychometric properties. This tool is more comprehensive and aging-focused than existing dysphagia screening tools. Inclusion of multiple domains may be key in early identification of pre-clinical dysphagia.
Introduction
In the aging population, dysphagia (swallowing disorder) and its associated morbidities lead to increasing healthcare complications, including malnutrition, dehydration, aspiration pneumonia, falls, increased hospitalizations, and mortality [1, 2] . In fact, the Centers for Disease Control (CDC) ranks mortality from food and liquid aspiration as a top-15 cause of death in US adults older than 65 years and this ranking is higher with advancing age [3] . Negative health consequences from dysphagia are well studied in individuals with clinical diseases like stroke or head and neck cancer [4, 5] ; however, less is known about community dwelling older adults (CDOA), who are not otherwise in need of medical or skilled care. The number of elderly individuals in the US is expected to reach 72.1 million by 2030. Of these, 11.8 million older adults live alone and may be considered CDOA [3, 6] . A growing body of evidence suggests CDOA are at risk for developing dysphagia with potential prevalence rates as high as 35% [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . These conservative estimates suggest that within the US alone, CDOA at risk for developing dysphagia may be in excess of 4 million.
Design and Methods
To achieve a comprehensive screener, creation proceeded through two phases. These were: (1) initial questionnaire development and testing using a pilot sample of CDOA; and (2) psychometric analysis including construct validity and exploratory factor analysis (EFA) on a larger sample of CDOA. The designated University Institutional Review Board approved the study.
Phase 1-Tool Development and Pilot Application

Participant Sample
Participants were recruited from a web-based research site (www.researchmatch.org) that connects interested volunteers with appropriate research studies. Participants were recruited from across the USA. Once a subject agreed to participate via online informed consent, they received an anonymous survey link, via the survey-hosting site, Qualtrics (www.Qualtrics.com). The criterion for inclusion was: >60 years of age with no gender preference. This age cut-off was selected because evidence from swallowing, nutrition, oral health, and physical abilities suggest that age-related changes occur in the sixth decade or even earlier [4, 5, [31] [32] [33] . Exclusion criteria included: any reported medical condition known to cause dysphagia, e.g., history of stroke, Parkinson's disease, dementia, etc. [4, 5] 
Tool Development
In older adults, swallowing undergoes several physiologic changes, based on reduced muscle strength, reduced range of motion, and decline in reserve capacity [1, 5, 8] . Despite these changes, not all older adults develop dysphagia. To better understand these relationships, a conceptual framework was employed to guide tool content development based on available research of risk factors for dysphagia in CDOA (Figure 1 ) [23] . In the proposed conceptual framework, a history of clinical disease, a known cause of dysphagia with increased prevalence in older adults was considered an essential part on the development of pre-clinical dysphagia [4, 34, 35] . Reduced physical functioning including difficulty with activities of daily living and pre-frailty leading to frailty is frequently associated with a decline in physical functioning and included in the theoretical framework. Several factors contribute to reduced physical functioning in the elderly; including cognitive decline [36, 37] , under/over nutrition [33, 38] , and social factors such as available support [39, 40] . All of these factors were considered for item development. Lastly, oral health including dentition and xerostomia (oral dryness) has been associated with dysphagia and was included in the conceptual framework and item development. However, when considering these factors as contributing to pre-clinical dysphagia, the majority of the evidence is in the form of associative data. Therefore, in the conceptual framework, known causes for dysphagia are represented by a solid line and associations are presented via dashed lines. Items based on these factors were developed by the authors. The item pool was reviewed by two speech language pathologists and two gerontologists not associated with the study. This review determined item appropriateness, and gauged face validity. Raters graded each item for theoretical relevance, clinical significance, wording, and cohesiveness. Following this review, the pilot survey contained 34 items representing five broad categories drawn from the conceptual framework (see item examples in Table 1 ). Pilot field testing was completed using the first 54 recruited participants. Item analysis techniques were applied to the results of the field test to determine the contribution of each item to the overall questionnaire. Item selection was made based on item to total correlation (>0.04) and item Cronbach's Alpha (>0.85) denoting adequacy for inclusion. Statistical analysis of the tool was conducted descriptively and analytically at each phase of development. Statistical analysis only included the data for subjects who completed the questionnaire. Descriptive analyses included a review of unengaged responses, normality testing, analysis of response categories, classical item difficulty, and inter-item correlations. Unengaged participants were determined based on a lack of variance in responses (Mean and SD = 0). Inter-item correlations were used to evaluate item redundancy (r > 0.9) and poor fit (r < 0.3). Concordance of expert ratings across each of the evaluation criteria was evaluated using intraclass correlations (ICC). Questionnaire internal consistency was evaluated using Cronbach's alpha. Item difficulty and item discrimination was used to evaluate participants' perception of the items. Classical item difficulty was determined by the mean response value for polytomous items or proportion of 'yes' responses for dichotomous items, reported as a scale of 0-1. Item difficulty was then interpreted as the probability of responding in the keyed direction for each item. The standard item difficulty cut off (range: 0 to 1) was used to categorize items as very easy (>0.91), easy (0.76-0.90), optimally difficult (0.26-0.75), difficult (0.11-0.25), or very difficult (<0.10) [41] . Item discrimination was employed to identify the relationship between each item and to determine which questions differentiated dysphagic vs. non-dysphagic respondents. An item was considered to discriminate when the perceived difficulty index differed significantly between groups according to effect size calculation [41, 42] . To examine construct validity, exploratory factor analysis (EFA) was completed with principal component analysis (PCA) with oblique (direct oblimin) rotation. All statistical analyses were completed using Microsoft Excel and IBM's SPSS Statistical Package 22.0 (IBM Corporation, Armonk, NY, USA, 2013).
Results: Pilot Application
One participant was removed for unengaged responses to the items, resulting in a sample of N = 53. Participants were primarily in the 60-70 year age range (90%), with 75% of the sample being women. Overall the face validity of the items were considered adequate for inclusion (average ICC (2, k) 0.44). Evaluation of normality identified that in 22 items, the response category 'all the time' was not selected. Subsequently, items were collapsed and analyzed using a four ordered-category response scale (never, rarely, sometimes, and often). Evaluation of inter-item correlations revealed three items, demonstrating item redundancy and two other items with statistically weak inter-item correlations. Following item removal, the revised survey contained 28 questions across the same 5 model driven categories-9 swallowing questions, 8 oral health questions, 5 physical abilities questions, 3 cognitive abilities questions, and 3 social support related questions.
Phase 2-Psychometric Evaluation of Revised Questionnaire
Participant Sample and Statistical Analysis
The revised 28-item questionnaire was evaluated using data from a new sample of 335 CDOA, recruited and enrolled using the methodology described for Phase 1. Analysis of the larger sample included descriptive statistics, item analysis, reliability analysis, and construct validity through exploratory factor analysis (EFA). Differences in participant responses were examined by dividing the participants into those who reported modifying their diet due to difficulty swallowing (dysphagic), and those who did not (non-dysphagic). To evaluate item performance between these two subgroups, items with difficulty values that were reflective of more positive vs. negative experiences with swallowing were compared. Items demonstrating a difference of >2.5 standard deviations between dysphagic and non-dysphagic CDOA responses were considered a meaningful difference between the groups. To further evaluate the strength of the difference between dysphagic and non-dysphagic, effect sizes were calculated (Hedge's g). In total, 770 potential participants were contacted regarding this study. Of these, 570 (74%) agreed to participate in the study and were sent the anonymous survey link. Reasons for refusal included: not interested in the study (63%), confusion regarding study eligibility (23%), not interested in participating without compensation (7%), or another reason (7%). Completion rate for the survey was 63% (358). Once started, only three participants abandoned the questionnaire prior to completion. As the questionnaire design required a response from each question before proceeding to the next, no missing data resulted. Of the 358 responses received, 20 participants did not meet inclusion criteria and 3 participants' patterns of response were identified as unengaged. These 23 participants were removed prior to analysis.
Descriptive Results
Data from 335 participants was used in phase 2 analysis. Eighty percent (80%) of the sample were aged between 60-70 years, and 70% of the sample comprised women. The entire sample had a high school degree or higher; with 44% holding postgraduate degrees. Eighty percent of the sample reported current or a history of one or more medical conditions including but not limited to hypertension, GERD, arthritis, and diabetes. Sixty-eight percent (68%) of participants lived with family and the remainder lived alone. Forty percent (40%) of the sample reported some difficulty with one or more aspects of swallowing. Most reported difficulties included increased effort with swallowing solids (36.7%) and a sensation of food getting stuck in the throat (42%), 11% reported modifying their diet or avoiding food items due to difficulty swallowing ( Table 2) . 
Item Analysis
Classic item difficulty revealed a third of the items were perceived as difficult (35.71%) and another third as very difficult (39.29%), 21.43% of items were perceived as optimally difficult, and 3.6% of items were perceived as easy. Item discrimination was used to determine which items best differentiated between participants with and without reported swallowing difficulty (Figure 2 ). Item difficulty levels were compared between the groups and those items demonstrating a significant effect difference (Hedge's g) were considered most meaningful. Six items provided the most meaningful difference with effect sizes ranging from 0.44 to 1.05. These items queried missing teeth, effort of swallowing solids, effort of swallowing pills, experience of food sticking, experience of a dry mouth, and how everyday difficulties impacted their quality of life. All but one question (experience of dry mouth) was perceived as more difficult among persons without swallowing problems compared to people with swallowing problems. 
Inter-Item Correlations
Inter-item correlations were employed to evaluate item redundancy. Items demonstrated strong correlations (>0.9) were reviewed and considered for removal from the questionnaire. Two items relating to dry mouth (dry mouth severity and dry mouth interference with QOL) were strongly correlated (r = 0.915), indicating redundancy. As a result, only the question regarding dry mouth severity was retained as it was significant in differentiating between participants with or without swallowing difficulty. Similarly, two other questions regarding dentition (are you missing teeth and how many teeth) were collapsed to reduce redundancy, resulting in 22 items analyzed for reliability and construct validity.
Reliability-Internal Consistency
Internal consistency via Cronbach's alpha was evaluated as a measure of determining if the items were reliable, i.e., measured the same aspect. Poor inter-item correlations (<0.3) that worsened the questionnaire's internal consistency were considered for removal. Reliability analysis resulted in the removal of five items (dentition, unintentional weight loss, need to use memory aids, difficulty self-feeding, and time to eat an average meal). This resulted in a 17-item tool with increase in internal consistency from α = 0.89 to α = 0.90.
Exploratory Factor Analysis (EFA)
To identify the underlying structure of the CDOA screener, responses on the 17-item questionnaire were submitted to EFA. Oblique rotation was applied due to anticipated inter-correlation between swallow-related components. To identify the final factor solution both scree plot and significantly loaded items were evaluated. The Kaiser-Meyer-Olkin (KMO) score = 0.917 verified the sampling adequacy for factor analysis. Bartlett's test of sphericity χ 2 = 3853.615, p < 0.001, indicated that items correlated well for factor analysis [43] . Results revealed a three-factor solution that explained 67.35% of the cumulative variance-covariance matrix. The three factors were judged to represent swallowing effort, decline in physical function, and cognitive-communicative difficulties. Results confirmed that all items loaded significantly on to one of those factors. Reliability of each of the three factors was assessed via internal consistency and demonstrated Cronbach's α > 0.6, indicating good construct validity and reliability (Table 3) . 
Discussion
Few if any validated pre-clinical screening tools exist to identify potential dysphagia in community dwelling older adults (CDOA). The purpose of this study was to develop and validate a tool to measure early indications of dysphagia in the CDOA incorporating items reported to be related to symptoms of dysphagia in this population. Preliminary data and psychometric analyses support a reliable and valid 17-item tool for the identification of pre-clinical dysphagia in CDOA. The 17-items on the tool consist of questions about swallowing difficulties, similar to those found in other dysphagia tools. However, the addition of questions regarding physical and cognitive-communicative abilities make this tool unique.
Preliminary factor structure provides some interesting insights into the nature of patient reported pre-clinical symptoms in the CDOA. Data suggests that pre-clinical dysphagia may be primarily influenced by factors related to the functional decline of the older individual-decline in physical abilities and decline in cognitive-communicative abilities. Factors such as weight loss and dental health, traditionally thought to be associated with dysphagia, were not associated with self-report of dysphagia in the CDOA. This observation likely reflects the pre-clinical nature of dysphagia in the study population, as factors such as weight loss may be more relevant in clinical disease with more severe dysphagia. Association of dysphagia with decline in physical abilities and frailty have been reported in several studies. Gonzalez-Fernandez reported significantly increased dysphagia symptoms in CDOA individuals classified as pre-frail based on Fried's criteria [11] . Likewise, Kawashima reported significant association between abilities to perform ADL's with dysphagia symptoms [13] .
Difficulty in performing ADL's may be considered a surrogate marker for pre-frail status [44] . In a study on the relationship between swallowing and measures of frailty, Butler and colleagues reported on a specific measure of frailty-i.e., reduced handgrip strength-to be significantly associated with reduced tongue strength. Additionally, they reported that reduced tongue strength was significantly associated with increased aspiration in older adults [8] . A growing body of evidence also suggests that cognitive functioning significantly contributes to functional decline, impact on ADL performance, and subsequent physical decline [24] [25] [26] . Evidence also suggests that motor function is influenced by cognitive function and cognitive changes affect swallowing, particularly in the oral phase of swallow [45] . In older adults, increased prevalence of physical frailty can increase the risk of cognitive decline and both may combine to have a negative impact on swallowing function. Recent research in dysphagia has also suggested that dysphagia may be part of a geriatric syndrome, associated with sarcopenia and medical and physical decline [46] . These are factors that need to be explored further when considering early identification in CDOA.
Six items across all three factors provided meaningful differentiation between dysphagic and non-dysphagic. These items had moderate-large effect sizes when comparing the two groups. With swallowing, these items included the effort with swallowing solids, pills, and the sensation of food sticking in the throat. Additionally, missing teeth, experience of a dry mouth, and difficulties with everyday activities also differentiated the two groups. This relates to research that has demonstrated associations with these symptoms and swallowing difficulties. While evaluating item performance, non-dysphagic participants perceived most of the items on the survey as more difficult than dysphagic participants. This pattern of response was expected as participants without dysphagia would have more difficulty identifying with questions that ask about swallowing specific issues. This finding therefore underscores the relevance of the questions contained within the survey and provides further insight in to the nature of pre-clinical swallowing symptoms reported by CDOA.
Early detection of pre-clinical dysphagia may lie in identifying other symptoms that may relate to the development of swallowing difficulties. In the pre-clinical dysphagia screener, this includes symptoms of reduced physical and cognitive function, both of which have been shown to be associated with the development of dysphagia in the CDOA. The addition of these items makes this screening tool different from other dysphagia screeners. Moreover, items that asked about physical and cognitive function are measureable and may provide further insight in to early symptomatology in CDOA. For example, considering the factor of reduced physical function, it was essential to include a question regarding walking ability due to growing consensus that mobility performance is a surrogate marker for overall health and functional ability among older adults [47] . Moreover, the loss of mobility has been predictive of multiple adverse events, including morbidity, worsening of mobility, institutionalization, and mortality [48, 49] . Furthermore, standards for measuring items such as walking speed and distance covered have been well established. These accepted measures provide developed physical indices for future research on pre-clinical dysphagia in the CDOA.
A limitation of this study is the participant sample, which included research-interested volunteers suggestive of a volunteer bias. Moreover, these participants were all well-educated. Higher education and access to a computer and Internet is likely indicative of a high socio-economic status (SES). As higher SES is associated with better health status, this suggests yet another source of potential sampling bias [50] . Finally the majority of the sample was women in the 60-70 year age range, impacting generalizability to the CDOA population as a whole, as older CDOA may have increased difficulties and functional decline.
Future steps in this research will need to include confirmatory factor analysis, comparative analysis with swallowing evaluations, physical ability measures, oral dryness measures, and cognitive measures. Additionally, stability of the test over time and its role in predicting outcomes will need to be assessed. This will not only improve psychometric properties of the screening tool but provide data on the pattern and evolution of swallowing difficulties and related morbidities observed in the CDOA.
Implications
The preliminary questionnaire created to evaluate risk of pre-clinical dysphagia in the CDOA reflects the complex symptomology and multi-dimensional nature of swallowing difficulties. The questionnaire demonstrates strong construct validity and high reliability. In a cohort of CDOA individuals, the questionnaire proved to be easy to complete as a PRO, with a 99% completion rate. Furthermore, the questionnaire and analyses provide preliminary insight in to understanding pre-clinical dysphagia in CDOA. Detection of risk for dysphagia may lie in CDOA reporting difficulties with swallowing along with functional decline in performing everyday activities. Collectively, this study indicates that this questionnaire may be a useful screening tool to identify risk for clinical swallowing difficulties in the CDOA. Such a screening tool has a wide range of applications, with the potential for early identification and hence prevention of clinical decline in swallowing-related morbidities of our rapidly aging population. Funding: This work was not funded by any agency or granting mechanism.
